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ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has besn developed sxlely for the

. purpose of providing general guidance to employses of the Goddard Space Flight
centar [(GSFC). This document may be dietributed cutside GSFC only asa a
courtesy to other goverrnment agencles and coniractors. Any dimstribution af
this document, or application or use of the information contained Merein, is
expressly conditioned upon, and is subject to, the following understandings
and limitaticns:

{a)

(b}

{c}

(d)

(e}

The information was developed for general guidance only and ia
subject to change at any time;

The information was developed under unigue GSFC laboratory conditions
which may differ substantially from outside conditions;

GSFC does not warrant the accuracy of the information when applied or
used under other than unique GSFC laboratory conditions;

Tha information should not be construed as a representation of
product performance by either GSFC or the manufacturex;

Neither the United States government nor any person acting on behalf
of the United States government assumes any liability vesulting from
the application or use of the informaticn.
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A radiation evaluation was performed on the MS4HC4020YBF to determine
the total dose tolerance of these parts. A brief summary of the test
regults is provided below. For detailed-information, refer to Tables
I through IV and Fiqure 1.

The total dose testing was performed using a cobalt-60 gamma ray
source. During the radiation testing, four parts were irradiated
under blas (see Figqure 1 for bias configuration), and one part was
used as a control sample. The total dose radiation steps were 5, 10,
15, and 20 krads*. After 20 krads, the parts were annealed at 25°C
for 168 hours and at 1009%C for 168 hours. The dose rate was ketween
55 and 116 rads/hour, depending on the total dose level (see Table 11
for radiation schedule). After each radiation exposure and annealing
treatment, the parts were electrically tested at 25°C according te the
test conditions and the specification limits listed in Takle III.
These tests inciuded three functicnal tests at 1 MHz after each
radiation and annealing step. -

211 parts passed all three functicnal tests on irradiation to 15
krads. However, three parts failed functionally at Veec = 2 V after 20
krads of exposure. The parts recovered and passed functionally on the
subsequent annealing treatments under bias at 259C for 168 hours and
at 100°9C for 163 hours. Parametrically, all parts passed every test
through 10 krads of exposure. However, after 15 krads, three parts
were unable to maintain a logic high state on ocutput Qi. During the
VOH tests it was observed that output Q1 would momentarily go to a
logic high state before returning to the logic low state. This
unexpected return to logic low created an additional clock pulse
causing the counter to increment. Appendix A provides a detailed
explanation of this problem. In addition, after 15 krads all four
parts exceeded the specification limit of 4 uaA for ICCL and three
parts exceeded the specification limit of 4 uA for ICCH with readings
up to 26 uA. The parts continued to degrade on further irradiation to
20 krads. At this stage all four parts were unakle to maintain a
logic high state on cutput Q1. The ICC parameters continued to
increase with ICCL reaching 430 uA and ICCH reaching 35 uA., The parts
showed some recovery in the ICC parameters upen annealing at 259C for
168 hours. ICCL and ICCH decreased to a maximum of 220 uld and 5 ua
respectively. ¢Continued recovery was observed upon annealing at 100°C
for 168 hours. All four parts passed all VOH tests and were able to
maintain the logic high state. However, two parts marginally exceeded
the specificaticon limits for ICCL with a maximum reading of 20 uA.
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Table IV provides the mean and standard deviation values for each
parameter after each radiation expeosure and annealing treatment. It
alsoc provides a summary of the functional tesl results after each
radiation/annealing step. Any further details about this evaluation
can be obtained upon request. If you have any guesticns, please call
me at (301)731-8954.

* In this report, the term “rads" is used as an abbreviation for rads
{31) .



TABLE T. Part Information

Generic Part Number: 54HCAGZ0
GGS/WIND/WAVES ‘

Part Number: M54HC402Z0YBE
Control Number: 5729

Charge Number: C23414
Manufacturer: S G 8 Thomson
Lot Date Code: 8919

Quantity Tested: 4

Serial Numbers of

Radlation Samples: 33, 54, 55, 56
Serial Number of

Control Sample: 57

Parit. Function: 14 Stage Binary Counter
Part Technology: CMOS

Package Style: lé-pin DIP
Test Engineer: T. Scharer



TABLE II. Radiation Schedule for MS54HC4020YBF

EVENTS DATE

1) Initial (Pre-Ilrradiation) Electrical Mcasurements 01/28/92

2) 5 KRAD IRRADIATION (74 rads/hour) 01/31/92
POST 5 KRAD ELECTRICAL MEASUREMENT 02/03/02
3) 10 KRAD TRRADIATION (116 rads/hour) : 02/03/92
POST 10 KRAD ELECTRICAT, MEASUREMENT * 0Z2/06/92
3) 15 KRAD IRRADTIATION (55 rads/hour) 02/06/9%2
POST 15 KRAD ELECTRICAL MEASUREMENT 02/10/92
4) 20 KRAD IRRADIATION (115 rads/hour) 02/10/92
POST 20 KRAD ELECTRICAI, MEASUREMENT 02/12/92
B) 168 HOURS ANNEALING AT 250C na/12/92
POST 168 HOURS ELECTRICAL MEASUREMENT D2/20/52
6) 168 HOURS ANNEALING AT 1000C 02/20/92
EOST 168 HOURS ELECTRICAL MEASUXREMENT 02/271/92

* Anomalous Event: The Post 10 krad Electrical Measurements were
delayed one day due to Automated Test Equipment
problems. During this time the parts were
maintained under bias at 250¢.

Notes:

- All parts were radiated under bias at the cobhalt-60 gamma ray
fapility at GSEC.

- All electrical measurements were performed off-site at +250C.

= All annealing steps were performed under bias.



Table III. Electrical Characteristics of MS4HC40Z0YBF

FUNCTIONAL TESTS PERFORMED
PARAMETER VCC VIL VIH CONDITIONS PIN3G LIMITS OVER TEMP.

FUNCT 1 2.0V 0.0V 2.0V FREQ=1.0 MHz I/0 VOL<1.00V; VOH>»1,00V
FUNCT 2 4.5V 0.0V 4.5V FREQ=1.0 MHz I/O VOL<Z2.26V; VOH>?,25V
FUNCT 3 6.0V 0.0V 6.0V FREQ=1.0 MHz I/O VOL<3.00V; VOH>3.00V
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PC PARAMRTRIC TESTS PERFORMED

PARBMETER VCC VIL VIH CONDITTIONS PINS LIMITS @ 2590

VOHL 2,0v 0.50v 1.50v LOAD= =20uh OUTS > 1.90V ; <2.0V
VOHZ 4.5V 1.35v 3,15V LOAD= =20ul OUTS > 4.40V ;7 <4,5Vv
VOH3 6.0V 1.80V 4.20V LOAD= -20ul OUTS > 5.80V ; <6,0V
VOH4 4.5V 0.50v 1.50v LOAD= -4mA OUTS > 4.18V ; <4.5V
VOHS 6.0v 1,80V 4,20V LOAD=-5.2mA OUTS > 5.68V ; <§.0V
VoLl 2.0V 0.50vV 1.80V LOAD= +20uA OQUT5 > 0.0V ; <0.10V
VOL2 4.5V 1.35V 3.15V LOAD= +20uia OQUTS » 0.0V ; <0.10V
VOL3 6.0V 1.80V 4.20V LOAD= +20ua QUTS > 0.0V ; <0.10V
VOL4 4.5V 0.50V 1.50V LOAD= +4mA QUTS > 0.0V ; <0,26Vy
VOLS 6.0V 1.80V 4.20V LOAD=+E5.2mA OQUTS > 0.0V ; <0.26v
IIH 6.0v 0.0V 6.0V VIN = 6,0V INS >=0.1ud ; <0.1ua
ITL 6.0v 0.0V 5.0V VIN = 0.0V TNS >-0.1una ; <0.lun
ICCH 6.0v 0.0V 6.0V VIN = 6.0V VCC > 0.0ud ; <4.0ua
ICCL 5.0v 0,0V 6.0V VIN = 0.0V VCC > 0,0uA ; <4,0uld

AC PARAMETRIC TESTS PERFORMED

PARAMETER Vo VIL VIH CONDTITIONS LIMITS @ 259C

"TPLHQ1 4.5v 0.0V 4.5V CLE->01 >2.0n5 ; <29.0ns8
TPHLO4 4.5V 0.0V 4.5V Q1 ~-»04 »>2.,0ns ; <45.0ns8
TPLION 4.5V 0,0v 4.5v Qn ->0n+1 >2.0ns ; <15.0ns

Exceptions: 1/ VIH and VIL arc tested during VOH and VOL testing.

2/ A system capacitance load (approximately 35 PF) is
placed on the outputs during AC tests in lieu of the
50 pF specified in the data book.



TABLE IV: Summary of Electrical Measurements After

Total Dose Exposures and Annealing for M54HC4020YBE

1, 2/

Total Dose Exposure (TDRE) (krads) Anmeal
Q 5 16 15 20 1é8 hrs 168 hrs
spec Limits] {Pre-Rad] 225%C B109°C

Parameters min max [mean sd sd sd |mean sd sd |mean s5d |[mean =4
. e S — — -
TUNC2 1 MH2

FUNCI 1 MHz

VOHL 2.0V v |1.920 - Q.00 o.0C 0.00 0.87 c.0o0 B.02
YOHZ 4.5V vV [4.40 - 0.30 D.0G 0,00 1,87 C.J0 0.01
VOH2 &.0V V|5.%0]| - 0.00 0.0C 0.01 2.76 1.55 0.02
VOH4 4.5y v |4.18 - 0,31 0.0l 0.0 1.80 - 0.02
VORS 6.0V V|[5.68 - a.01 0.01 0.0 2.78 1.62 0.02
voL: 2.0 mV | © 100 G.08 0.05 0.og 0.09 C.11 0,35
VOLZ 4,5V nv 0 100 4,19 .15 0.26 0.33 £.56 0.24
VOL3 6.0v m¥ | © 100 0.37 0,37 0,47 0.55 C.06 0,43
voL4 4.5v mv | 0 | 2460 6.4 [168.%51 6.4 |1 5.9 = RN =
VOLS 6.0% m¥ | 0 260 8.1 8,11 7.4 6.9 [13 10.0 | 0.0
IIH wa |-0.1| 0.1 0.a0 0,04 0,00 Q.00 0.00 0. 00
IIL uha |=0.1| 0.1 0.00 0,00 0,00 0,00 0.00 0. 00
ICCH vh | 0 4.0 0.01 0.01 1,23 5,38 1.74 0.04
1CCL udh | O 4.0 0,02 0,02 1,16 |3 8,31 1106.3 9.37
TFLHQL ns | 2.0 | 29.¢ 0,91 0,91 0,91 | 1.03 |1 1 1.03 0.5
TELHQ4 ns| 2.0 | 45.0 1.04 |47 1.04 [ 1.11 1,11 { 1.23 |F1 1.66
TELHON ns | 2.0 ] 15.0 0.7y [ 0.79 [; c.g2 | 0.87f 0.7% 0.87

Noteas:

1/ The mean and standaxd deviation valpes were caloulated over the four parxts

irradiated in thils teasting.
the testing and is not included in this table.

The control sample remained constant throughout

2/ The Post 10 krad measursments were made after one day af zpmmealing at 25°%

due to Lutomated Test Equipment problems.
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Figure 1. Radiation Bias Circuilt for MS4HCAOZ0YBF
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APPENDIX A

The parts failed the VOH1 through VOHS5 tests after 15 and 20 krads of
exposure and after 168 hours of annealing at 252C. The method used Lo
perform the VOH tests is te condition all outputs to the logic high
state and then measure the veoltage on each output stage 0l through Q14
with the specified current load applied to the output under test. In
order to accomplish this test, first, all of the outputs are reset to
the logic low state by setting the CLEAR pin high, Next, the CLOCK
input is pulsed 16,383 (214 -"1) times with a 500 nS pulse with a 50%
duty cycle. For a properly functieoning part, this process would set
all of the outputs to the logic high state.

From the logic diagram (Figure R1l) for this 14 stage binary counter it
is apparent that thc external CLOCK input is used to toggle the first
output stage, Q1. The complement of Q1 is internally connected to the
clock input of the second output stage, Q2 and so on. A L iming
diagram for this microcircuit {(Figure A2) shows that the fourth output
stage, 04, should toggle con the falling edge of every 8th CLOCK pulse
which corresponds directly to every 4th falling edge of Q1. However,
after 15 and 20 krads of exposure and the subsequent annealing at 250C
for 168 hours, it was observed that the Q1 cutput was unable to
maintain a legic high state. This situation ig illustrated in Figures
A3 and A4, The inability of Q1 te remain high creates an additional
clock pulse to the subseguent ocutput stages with every CLOCK pulsc
input. Essentially, this problem makes this 14 stage counter appear
to be a 13 stage counter (i.e. = the microcircuit counts through all
combinations of its outputs after 213 CLOCK pulses instead of 214
CLOCK pulses). ’

The inabllity to maintain a logic high stake is only apparent on the
21 output stage. The reason that the other outmit stages appear to be
failing the VOH tests is due t¢ the additicnal elock pulse generated
by the Ql output stage. When the test program performs the VOH tests,
it expccts that the counter has been preset with every output in the
logic high state. The extra pulse from the Q1 stage increments the
counter from all logic highs to all logic lows, therefore creating the
‘illusion that all of the output stages are failing VOH.

1f you have any questions about this analysis, please contact Ted
Scharer at (301} 731-8&68,



APPENDIX A (CONTINUED)

Figure Al -~ Logic Diagram of MS4HCADPOYBF




APPENDIX A (CONTINUED}
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Yigure AZ - Timing Diagram for a Passing pPart
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Figure A3 - Timing Liagram for a Failing Part

Figure A4 - Expanded CLOCK, Q1 Timing Diagram
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